Depo-Provera®; Depot-Medroxyprogesterone Acetate (DMPA) is one of the most used contraceptives and it is currently used by more than 30 million women in most of developed and developing countries. The study was designed to investigate the relationship between serum cortisol and the risk of osteoporosis in Nigerians using Depo-Provera®. We investigated 50 women using Depo-Provera® and 50 age-matched control, not on DPMA. Serum cortisol, progesterone, estrogen, estradiol, serum calcium, cathepsin K and urinary excretion rate of calcium were determined in subjects and controls. Serum cortisol and cathepsin K were significantly higher in women using DPMA Vs controls (P<0.01), we also found a significantly lower estradiol, serum calcium and an increased urinary excretion rate of calcium in subjects using DPMA as compared to controls (P<0.05). We found a positive correlation between serum cortisol and serum calcium (r=0.553) (P<0.01), serum cortisol and cathepsin K (r=0.568, P<0.05). Our study shows that hypercortisolaemia may be responsible for calcium loss, further investigation is needed to determine if cortisol induced calcium loss is responsible for bone demineralization associated with the use of DPMA.
Background
Medroxyprogesterone acetate also known as 17α-hydroxy-6α methylprogesterone acetate, and commonly abbreviated as MDPA, is a steroidal progestin, a synthetic variant of the steroid hormone progesterone1. It is used as a contraceptive, in hormone replacement therapy and for the treatment of endometriosis as well as several other indications. It needs to be given regularly at 3-month intervals to maintain effectiveness. Sometimes the hormone may stay in the body for more than 3 months after the last injection. This can affect menstrual cycles and delay the return of fertility [1] . Most women will be fertile within 8-12 months from the last injection and there is no permanent effect on fertility [2] .
One of the major adverse effects of MDPA is a reduction in bone mineral density as a result of calcium loss through urine [3] . Other side effects include Change in bleeding patterns; all women experience a change in bleeding patterns, with continued use the majority of women stop having periods and some, irregular bleeding or spotting. Heavy or continuous bleeding rarely occurs. Some women may experience weight gain as the injection may increase your appetite, headaches, breast pain and mood changes.
All these symptoms can occur but they usually go away after first few weeks [1, 4] .
Hypercortisolemia triggers bone mineral resorption to free amino acid for use as energy source through gluconeogenesis. Cortisol exert its influence by blocking calcium absorption which decreases bone cell growth [5] .
Bone mineral density (BMD) measures the quantity of calcium in grams per square centimeter an individual has in certain bones; this measurement is compared to normal BMD limits to assess the individual's risk of osteopenia and osteoporosis. The BMD loss is thought to be caused by Depo's suppression of ovarian production of estradiol, a sex hormone, which is involved in the development of bone mineral density and the attainment of peak bone mass, reducing a woman's estrogen levels may compromise BMD [6] .
Objectives of Study
To determine the effects of injectable contraceptives (MDPA) on biochemical parameters that can alter bone metabolism like steroid hormones (Progesterone, estradiol and cortisol), serum calcium, urinary excretion rate of calcium and pH in women using this DEPO-PROVERA, with a view of establishing a link between calcium loss and some biochemical parameters.
Materials and Methods
This study was carried out in the family planning unit, Community Health Center, Federal Medical Centre, Owo local government, Ondo state. This study was carried out on two groups of participants: 50 participants using injectable contraceptives and 50 age matched control participants: those not using any form of contraceptives.
Data was obtained via clinical form/questionnaires administered to participants after it has been thoroughly explained in the language the participants understood. The questionnaires cover sociodemographic details like age, height, weight, details that cover type and duration of drug use. Only participants that have been on MDPA for at least one years were recruited into the study.
Participants were made to rest and advice to avoid anything that can cause anxiety before morning cortisol samples were collected. Five millilitres of blood were collected into lithium heparin tubes from participants to determine calcium, cortisol and bicarbonate levels in serum. Timed urine samples were collected for urinary calcium estimation.
Samples collected into lithium heparin bottle were centrifuged and plasma was separated from red cell and frozen until the time for analysis. Blood samples were analyzed for cortisol, calcium and bicarbonate. Serum Calcium (Ca) level was estimated using a modified OCPC OCresolphthalein Complexone III methodology for the quantitative determination of calcium [7] , while cortisol, progesterone and estradiol were quantitatively determined using ELISA method using kit from DIALAB, Cathepsin K concentration was determined using kits manufactured by LifeSpan BioScience, Inc and bicarbonate using Ion selective electrode. Timed urine samples collected was estimated for calcium excretion rate.
Exclusion criteria: Subjects with history of thyroid dysfunction or hormonal imbalance, history of bone diseases or use of therapeutic steroids.
Results and Discussion
Tables below shows the result of physical and biochemical parameters in subjects and controls (Table 1 and 2), correlation between some biochemical parameters (Table 3) . Mean plasma calcium, urinary calcium, estradiol, cathepsin K and cortisol have statistically significant difference when test and the control group were compared (p<0.05). The result of this study add to the growing body of evidence that cortisol is associated with bone demineralization and urinary loss of calcium. Similar studies have previously reported that decrease in bone mineral density is associated with serum cortisol in male cyclist [8] , A study conducted by Dennison and colleagues reported that endogenous cortisol profile of healthy elderly men is a determinant of their bone mineral density and their rate of involutional bone loss. Elevated cortisol levels interfere with osteoblast formation and dramatically decreases bone building resulting in reduced bone density [9, 10] . Cortisol exerts direct and indirect effects on bone, enhancing its resorption first and then inhibiting its formation [11] . Increase serum cortisol lead to a dramatic decrease in bone mineral density, either when endogenously in excess or when administered exogenously, leading to decreased intestinal calcium absorption [3, 12] . It also induces apoptosis (programmed cell death) for osteoblast [13] . Indirectly, cortisol excess reduces the production of growth factors and bone matrix proteins and decreases calcium formation [11] . In addition to direct effects on skeletal function, glucocorticoids also decrease intestinal calcium absorption and increases urinary calcium excretion at higher doses. Thus, the net osteopenia observed in vivo after glucocorticoid treatment is probably due to a complex combination of direct effects on bone formation and resorption as well as indirect effects to inhibit intestinal calcium absorption and increase renal calcium excretion [14] . MDPA has a bioavailability of nearly 100% and no binding affinity to SHGB (Sex hormone-binding globulin) and CBG (corticosteroid-binding globulin) and in serum MDPA is bound to albumin for 88%. The most important metabolic steps are hydroxylation reactions. The various biological effects are; positive for progestogenic, anti-gonadotrophic, anti-estrogenic and glucocorticoid activities, but it is negative for estrogenic, anti-androgeic and antimineralocorticoids activities [15] . Since MDPA is a glucocorticoids (cortisol) receptor agonist, then it may increase plasma cortisol and result in reduced calcium absorption and bone demineralization. Acidity enhances osteoblastic activity, increases osteoclastic activity and may also increase bone resorption by a direct, noncellular physicochemical process, Similarly acidogenic (high-protein) diets induce calciuria [16] , However, the bicarbonate wasn't statistically different in cases compare with controls probably because of the diet of the participants or compensatory mechanism of the acid-base balance [17] .
Cathepsin K is expressed and secreted by osteoclasts during active bone resorption, circulating form of cathepsin K, is a useful and specific biochemical marker of osteoclastic activity of the bone tissue [18] . Our study shows a statistically significant increase in the concentration of Cathepsin K (Table 2) in women on MDPA versus controls, we attribute the increase in cathepsin K to the increase in osteoclastic activity occurring in this group of subjects. Our study further shows an association between cortisol and cathepsin K (Table 3) concentration which support our hypothesis that hypercortisolemia further exacerbates bone resorption in women taking medroxyprogesterone acetate. Estrogen hormone family plays a fundamental role in skeletal growth and homeostasis. In addition, to its use to prevent postmenopausal bone loss. Research during the last decade has revealed that estrogen regulates bone homeostasis through unexpected regulatory effects on the immune system and on oxidative stress and direct effects on bone cells [19] , unfortunatule this study didn't explore a possible effect of the immune system and reactive oxygen species. Our data shows an increase in progesterone concentration in the study group (Table 2) which may likely be due to the MDPA intake or as a compensatory mechanism to stimulate bone remodelling [20] . We however, recorded a decreased concentration of estradiol, perhaps this reduction is due to anti-estrogenic effect of cortisol [15] .
Conclusion
Further investigation is needed to determine if cortisol induced calcium loss is responsible for bone demineralization associated with the use of DPMA.
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